Abstract This paper explores relations between assemblages of carpological remains and vegetation in and around a small, shallow reservoir in southern Poland. The study was conducted from 2006 to 2008. Quantity and distribution of species in the reservoir were recorded annually during the growing season. In October 2008, 40 samples of surface sediment (top 2 cm) were collected along transects at 10 m intervals. Samples of 100 cm 3 were prepared for analysis of plant macroremains. Assemblages of carpological remains generally reflect local vegetation well. In some cases, however, even analysis of numerous samples failed to fully capture the species composition or reflect plant ratios in the parent phytocenosis. Reasons for this include factors that affect seed production, transport and fossilization, which differ among species. Among the best-represented macroremains were plants of the rush phytocenosis. In analysed samples, macroremains of 68.8 % of extant rushes were identified. Sixty percent of submerged and floating-leaf taxa were found in carpological samples, whereas 26.7 % of the trees and bushes were represented in sediment deposits. Species composition of phytocenoses in the reservoir and in surrounding areas was best reflected by macroremains from the nearby reed bed. Numbers of diaspores of Mentha aquatica, Hippuris vulgaris and Carex reflected well their relative abundance in phytocenoses. Chara sp., Juncus inflexus and Eupatorium cannabinum were overrepresented, whereas Typha latifolia and Sparganium minimum were poorly represented in relation to contemporary plant cover. There were no diaspores of Phragmites australis, which dominates the contemporary reed bed. Besides the shape of a reservoir, the key factor influencing diaspore numbers is distribution of plant cover. In many cases, single diaspores (Potentilla erecta, Myosotis scorpioides, Lythrum salicaria, Scutellaria galericulata), or higher concentrations (Hippuris vulgaris, Mentha aquatica, Eleocharis palustris, Schoenoplectus tabernaemontani, Chara sp.) reflected well the location of parent vegetation. The findings indicate that carpological remains in sediments can be an important source of information about plants in and around lakes. They generally reflect well local vegetation and in some cases may be used to identify taxa that dominated in the past.
Introduction
Vegetation growing in and around reservoirs influences the entire aquatic ecosystem. Plants provide habitat and are a main source of organic matter, trapping sediments and influencing the chemical composition of water (Barko and James 1998; Wetzel 2001) . Furthermore, the distribution and composition of phytocenoses reflect habitat conditions in the reservoir and its surroundings. Plant macroremains, especially carpological remains, which survive well in lacustrine deposits, can thus be used to infer past changes in phytocenoses (Sayer et al. 1999; Odgaard and Rasmussen 2001 ) and the environment. Factors that can be inferred include changes in temperature (Kolstrup 1979; Isarin and Bohncke 1999) , trophic state (Jackson and Charles 1987; Scheffer et al. 1993) and water level (Digerfeldt 1986; Hannon and Gaillard 1997; Dieffenbacher-Krall and Nurse 2005; Koff et al. 2005) .
There exists great potential for interpreting plant macroremains (Dieffenbacher-Krall 2007) , especially in cases of human modification of the environment (Rasmussen and Anderson 2005) . Plant macroremains are rich sources of data for palaeoenvironmental reconstruction and supplement palynological analyses Tobolski 2000; Birks 2007 ). In lakes, macroremains usually reflect local vegetation (Birks 1980; Tobolski 2000) and can be identified to species level more often than can pollen grains (Birks 1980 (Birks , 2007 . This frequently allows for a more complete identification of species than with palynological analysis, enabling better paleoenvironmental reconstruction. Use of plant macroremains for reconstructing species composition, establishing spatial distribution of phytocenoses and determining dominant species, requires knowledge of complex relations between macrofossil assemblages and contemporary vegetation (Birks 2001; Dieffenbacher-Krall 2007) . Such studies of these relations employ samples from the topmost layer of bottom deposits (DieffenbacherKrall 2007) and permit better interpretation of macrofossil records (Zhao et al. 2006) . Studies of plant macrofossil taphonomy have concentrated on representation of terrestrial (Dunwiddie 1987; Wainman and Mathewes 1990) and aquatic taxa in bottom deposits (Birks 1973; Davis 1985; DieffenbacherKrall and Halteman 2000; Zhao et al. 2006; Koff and Vandel 2008) . Results suggest that assemblages of macroremains generally reflect well the composition of contemporary vegetation. Whereas the dominant species can often be identified in historical studies, a full picture of composition of past phytocenoses is impossible to obtain. Information from surface sediments also enables researchers to plan paleolimnological research, and make decisions about lake selection, sampling sites and sample numbers (Dieffenbacher-Krall 2007) .
This project was undertaken to determine how well assemblages of carpological macroremains found in the top 2 cm of sediment from a reservoir in southern Poland reflect contemporary vegetation. Another goal was to establish relations between contemporary phytocenoses and the distribution and amount of carpological macroremains, to assist paleolimnological interpretation. Most such research has been conducted on small, relatively shallow lakes (Zhao et al. 2006; Koff and Vandel 2008) . The present study was carried out in a very shallow reservoir that, with the exception of a small area, is\1 m deep. The key factor controlling distribution of diaspores in the reservoir is the structure and spatial distribution of vegetation.
Materials and methods

Selection and characteristics of the reservoir
The water body selected for this study is a shallow reservoir in southern Poland (Fig. 1a) . It formed from the damming of outflow from a small spring ca. 1900, which filled a former oxbow lake basin. The reservoir possesses submersed aquatic plants (10 spp.) and emergent reed vegetation (32 spp.). It contains large populations of Hippuris vulgaris and Sparganium minimum ( Table 1 ), species that are now rare in Poland (Kłosowski and Kłosowski 2006) , but are often well represented in late Pleistocene and Holocene deposits. The reservoir surface area is 2.45 ha. Maximum water depth, recorded in isolated holes, is 1.2 m (Fig. 1b) and the bottom is quite flat. Low, but stable flow from a spring maintains a constant water level. Except in the vicinity of the inflow and outflow, water flow is very slow, likely precluding diaspore transport. The reservoir is protected from strong winds and waves by high banks on the north shore and by high trees elsewhere. Wind is further attenuated by a reed belt. Shallow water and high transparency provide optimum conditions for vegetation development across the entire lake bottom. Moreover, these characteristics enable observation and collection of samples from a small boat. Because the reservoir bottom is muddy and access to open water is largely prevented by the wide reed belt, the water body is not subject to anthropogenic pressure, which might otherwise spread plants and their diaspores, as well as mix the topmost sediment layers. Nearby ruderal habitats and transportation routes may, however, introduce diaspores of exotic species to the local aquatic phytocenoses. Biota that might influence dispersal of plants and their diaspores include fish and plant-eating water birds such as Anas platyrhynchos L., Fulica atra L., Gallinula chloropus L. and Cygnus olor Gmelin.
Vegetation research (2006) (2007) (2008) Species composition, quantity and distribution were studied from 2006 to 2008. The reservoir was observed and sampled from a dinghy. Reed beds and submersed aquatic vegetation were analysed annually. Distributions of trees and bushes up to 50 m from shore were recorded graphically. To study submerged and floating-leaf taxa, 14 transects perpendicular to the shoreline were established every 10 m within the lake Fig. 1 a Location of study reservoir; b Bathymetric map of reservoir and distribution of sediment sampling points (Fig. 1b) . Every 10 m along each transect a control point with a radius of 1 m was delimited. To identify small patches of Potamogeton natans, Persicaria amphibia and Chara sp., control points were placed every 5 m. Species composition was determined in the middle of each July using flora censuses along the transects. To record single examples of new species, spaces between control points were also sampled. Simultaneously, a general assessment of the total amount of individual species was conducted. This was accomplished using DAFOR, a five-level frequency scale (Palmer et al. 1992) . In 2008, the BraunBlanquet scale (Barbour et al. 1987 ) was used to assess percent cover for individual aquatic species at control points (Fig. 1b) . Depth was measured along transects to enable creation of a bathymetric map. To record changes in the species composition of reed bed vegetation, the researchers travelled along the edge of reed vegetation, observing species in the vicinity of open water.
Collection of sediment samples and macrofossil analysis
In mid-July 2008, 40 samples of the topmost 2 cm of sediment were collected at the selected control points (Fig. 1b) using a modified ''Kayak'' sampler (Aaby and Digerfeldt 1986) . According to previous studies (Dieffenbacher-Krall and Halteman 2000; Zhao et al. 2006) this layer should represent modern vegetation. Samples were collected to represent the shoreline zone, the central part of the reservoir and the small, deeper depression. The sample volume used for macrofossil analysis was 100 cm 3 . Fresh deposits were rinsed on a 0.2-mm-mesh sieve to separate diaspores. Carpological remains were identified using keys and atlases (Katz et al. 1965; Berggren 1969; Cappers et al. 2006) . It was assumed that all seeds of Juncus came from Juncus inflexus, which grows in the belt of reeds, despite the fact that single Juncus articulatus L. grow in the vicinity, at a distance from the water.
Analysis of the relations between contemporary vegetation and macroremains
Plants were divided into three groups: submerged and floating-leaf taxa, reed bed plants, and trees and shrubs. Reed bed species included not only common taxa, but also several accompanying species. Submerged and floating-leaf taxa included Sparganium minimum and Hippuris vulgaris. These taxa outnumbered other totally submerged plants and were distributed throughout the entire reservoir.
Deposit samples were divided into two groups of 20 each. They represented the sediments of the shoreline zone near the reed bed and the central part of the lake basin (Fig. 1b) . The shoreline samples were collected from points up to 5 m from the reed bed or from other larger vegetation patches. In most cases, however, the distance was \2 m. Sites with statistically significant concentrations of macroremains, with respect to species represented, were selected using the method developed by Doi (Runge 2006) , which enables one to identify the dominant elements. The coefficient of similarity (Sørensen 1948) was calculated for species composition of macroremain assemblages and various groups of plants. In calculating the percentage of reed bed species in the macroremain assemblages, unidentified species of sedges and Carex rostrata perigynia were not included.
Results
Monitoring of the reservoir vegetation showed high stability of phytocenoses. This mainly refers to the reed bed habitat, where there was for the most part, no significant change in species composition for 3 years. Only Mentha aquatica and Eleocharis palustris displayed a significant increase in amount relative to 2006. Species composition in submerged and floatingleaf taxa underwent slight changes (Table 1) . Generally, during the research period, there were nine species of vascular plants and Chara sp. Five taxa and Charales were recorded in the reservoir during all research seasons. A significant increase in numbers, in relation to 2006, was recorded for Hippuris vulgaris and Potamogeton natans. In the area surrounding the reservoir, there were 15 species of trees and bushes (Table 1 ). In 2008, the largest patches of vegetation had Hippuris vulgaris and Sparganium minimum. In places, they were accompanied by small phytocenoses of Potamogeton natans, Persicaria amphibia and Chara sp. Myriophyllum spicatum, Potamogeton Batrachium circinatum (Sibth.) Spach crispus, Potamogeton pectinatus and Ceratophyllum demersum were represented by single specimens. Reed vegetation was mostly composed of Phragmites australis, Carex acutiformis, C. vulpina and C. rostrata. Smaller patches of vegetation in the reed bed habitats were composed of Typha latifolia, Schoenoplectus tabernaemontani, Eleocharis palustris, Acorus calamus, Glyceria maxima, Menyanthes trifoliata and Mentha aquatica. On the live and dead patches of Carex vulpina on the edge of the reed bed, single specimens of Myosotis scorpioides, Potentilla erecta, Lythrum salicaria, Myosoton aquaticum and Scutellaria galericulata grew; only Lycopus europaeus was more frequent. Trees in the vicinity of the reservoir were predominantly represented by Betula pendula and Alnus glutinosa. Among bushes, the most frequent were Sambucus nigra, Rubus sp. and species of Salix. The distributions of the patches of the selected plant species and their level of coverage in the area are represented in Fig. 2a , b.
Representation of the modern flora and vegetation in macroremain assemblages
A total of 1,366 carpological macroremains of vascular plants of 34 taxa and 1,150 Chara sp. oospores were identified in the samples. The richest samples in terms of quantity and species diversity of the macroremains came from the shoreline zone. They represent 76.5 % of the total recorded macroremains and 94.1 % of all represented taxa (Table 1 ). Figure 2 shows the distribution and quantity of diaspores of selected species in the samples. Carpological remains associated with the reed vegetation were found in 97.5 % of samples, 63.7 % of which were collected close to the shore (Table 1 ; Fig. 2b ). In total, 22 taxa were identified, which represent 68.8 % of contemporary reed bed species. The similarity index of the species composition of phytocenoses of contemporary reed vegetation and its representation in the macroremains is 0.81. Among the Other trees and bushes: Fraxinus excelsior L., Padus avium Mill., Populus nigra L., Populus tremula L., Salix alba L., Salix caprea L., Salix cinerea L., Salix pentandra L., Salix triandra L., Solanum dulcamara L., Tilia cordata Mill reed bed diaspores, Carex nuts (n = 642) were dominant and represented 59.9 % of the reed bed species. Of the Carex nuts, 336 came from Carex rostrata, which were found in 87.5 % of samples. Mentha aquatica, Juncus inflexus, Eupatorium cannabinum and Lycopus europaeus (Table 1) were also well represented. Seeds of Phragmites australis, which today is the main reed bed element, were not found. Likewise, Typha latifolia was poorly represented in relation to its contemporary coverage. Diaspores of submerged and floating-leaf taxa were found in 82.5 % of samples, 90.2 % of which were recorded in the samples collected near the shoreline. In total, six taxa were identified (five species of vascular plants and Chara sp.), which represent 60 % of contemporary aquatic plants of the reservoir. The similarity index for the species composition of phytocenoses of contemporary submerged and floatingleaf taxa and their representation in the assemblages of macroremains was 0.75. Among the macroremains, Chara sp. oospores dominated. They were recorded in 70 % of samples throughout the reservoir. Their occurrence, however, was limited to the vicinity of parent vegetation patches. Among carpological remains of vascular plants, the most numerous were endocarps of Hippuris vulgaris, which were recorded in 55 % of the samples (Table 1) . In relation to the contemporary coverage, Sparganium minimum was poorly represented. Carpological remains of trees and bushes were found in 67.5 % of the samples, the majority of which (66.2 %) occurred in the shoreline samples. Only four taxa were identified among the samples, which represented 26.7 % of this plant group (Table 1) . The similarity index for the contemporary representation of trees and bushes and their representation in the assemblages of macroremains is 0.42. Among trees and bushes, the fruits of Betula pendula (50.2 %) dominated; they were recorded in 62.5 % of the samples. Less frequent were Alnus glutinosa fruits (41.8 %), found in 50 % of the samples.
Discussion
Relations between contemporary vegetation and distribution of carpological macroremains Knowledge of the complex mechanisms of diaspore dispersal in lake basins enables one to locate parent phytocenoses and use carpological macroremains of some species for palaeohydrological inference (Birks 1973; Dieffenbacher-Krall and Halteman 2000) . It is generally accepted that the best sample collection site for macrofossil analysis is a shallow littoral location, near the lakeshore (Tobolski 2000; DieffenbacherKrall 2007) . Previous studies of the relation between modern vegetation and assemblages of macroremains indicate samples collected in this zone include the largest number of carpological remains and highest diversity of species (Birks 1973; Dieffenbacher-Krall and Halteman 2000; Zhao et al. 2006; Koff and Vandel 2008) . In this study, concentrations of macroremains in the zone near the reed bed, support earlier observations. This is a consequence of the fact that most plants found there produce floating diaspores. Among the taxa often represented in shoreline samples are Carex rostrata, C. acutiformis, C. vulpina, Menyanthes trifoliata, Lycopus europaeus, Persicaria amphibia, Rumex hydrolapathum, Sparganium erectum, Ranunculus lingua, Potamogeton natans, as well as Alnus glutinosa and Betula pendula. Such diaspores can be blown around the reservoir. Frequently, they are pushed toward the shore and sink. Their ability to float is limited only by the shape of the lake and distribution of emergent vegetation patches that trap them.
In small, shallow reservoirs, the influence of vegetation on dispersal of floating diaspores is large, because such lakes generally support lush plant growth. Such relations are well illustrated by the distribution of Potamogeton natans remains in the reservoir. All samples with statistically significant concentrations of endocarps of this species were located at the lakeshore, where contemporary P. natans phytocenoses are found (Fig. 2a) . Movement of fruits from this species is probably inhibited by the patches of Hippuris vulgaris, with emergent shoots, in the central part of the lake. There is probably a similar influence on Menyanthes trifoliata, whose seeds can only drift along the open channel, free from emergent Hippuris vulgaris (Fig. 2a) . This is supported by their highest concentration in sample 13. The influence of the distribution of the contemporary H. vulgaris phytocenoses on migration of drifting diaspores also applies to Glyceria maxima. Observations indicate that Glyceria maxima diaspores stick to emergent parts of plants and are trapped. This is probably why they were found at a maximum distance of 13 m from parent plants, mainly at the edge of the emergent vegetation belt. The highest concentration of Glyceria maxima diaspores was found in sample 39, collected in a small bottom depression. The large abundance might have resulted from seed redeposition. Concentration of carpological remains in depressions within overgrown parts of the bottom was observed for other, mainly small diaspores, of Eupatorium cannabinum, Juncus inflexus, Mentha aquatica and Betula pendula, but also the relatively larger and heavier nuts of Carex.
Translocation of diaspores along the bottom of small lakes, in areas where vegetation is lacking, and their concentration in holes, may be a consequence of even the slightest water movements caused by ducks, swans and even fish. In the case of Carex species, which grow along the entire lakeshore, determining the source of diaspores is impossible. Similar to other lakes (Wainman and Mathewes 1990) , their transport is limited by emergent vegetation, and is reflected by the high concentrations of nuts in samples neighbouring the reed bed and in a patch of emerged Hippuris vulgaris. Similar to findings of other studies (Birks 1973; Dieffenbacher-Krall and Halteman 2000; Zhao et al. 2006) , in this lake, patches of parent vegetation are best reflected by diaspores of Myriophyllum spicatum, Scutellaria galericulata, Myosotis scorpioides, Lythrum salicaria and Potentilla erecta, that float briefly and then sink. These taxa were recorded up to 3 m from parent plants on the reed bed edge and in Carex vulpina patches. Fruits of Eleocharis palustris and Schoenoplectus tabernaemontani were more dispersed. Although most of their diaspores were recorded up to 7 m from patches of parent vegetation in neighbouring open water, single diaspores were found at greater distances from source patches: E. palustris at 26 m and S. tabernaemontani at 23 m (Fig. 2a) . Thus, the indicator value of their seeds should be carefully interpreted. It might be assumed that only high concentrations of their remains indicate the location of the parent phytocenoses. A similar conclusion was suggested by Dieffenbacher-Krall and Halteman (2000) . In their study, the number of carpological remains of Eleocharis palustris in samples was higher close to the parent plants.
Results and field observations indicate that differences in dispersal of quickly sinking diaspores of Scutellaria galericulata, Myosotis scorpioides, Lythrum salicaria, Potentilla erecta, as well as E. palustris and S. tabernaemontani, depend on how overgrown the lake bottom is in the vicinity of parent vegetation patches. In bottom areas near patches of E. palustris and S. tabernaemontani, which lack vegetation, translocation by microcurrents of single fruits that sink outside the reed bed is promoted. Diaspores of Myosotis scorpioides, L. salicaria, S. galericulata and P. erecta, however, which sink onto an overgrown bottom, are effectively trapped. Although rapidly sinking fruits of Mentha aquatica were recorded in numerous places around the entire reservoir, most samples (71.5 %) of statistically significant concentration were located \10 m from fruiting specimens (Fig. 2b) . Endocarps of Hippuris vulgaris were similarly dispersed, but as in the case of M. aquatica, samples with statistically significant concentrations were located within patches of contemporary vegetation or at a distance of \10 m from fruiting specimens. They reflected well the location of emergent forms of H. vulgaris, thus indicating lake shallowness.
Oospores of Chara sp. were also recorded in the entire lake, although their larger patches were found only in the northern section of the reservoir. Similar to findings in shallow Lake Veluwemeer (van den Berg 1999) or Green Plantation Pond (Zhao et al. 2006) , highest concentrations in the sediment ([200 remains/ 100 cm 3 ) were recorded only in places where algae grew at the time of sampling (Fig. 2a) . This strengthens the claim that a high concentration of oospores is indicative of the location of the parent phytocenoses. Nevertheless, dispersal of oospores can result because of their small size and mass. They can be easily transported by slight water movements, especially in areas of shallow reservoirs devoid of vegetation. Oospores can also be transported by birds that eat algae (Proctor 1959) .
It can be difficult to determine the source of diaspores of Alnus glutinosa and Betula pendula, growing around the lake. A comparison of the distribution of vegetation and A. glutinosa trees, and samples with statistically significant concentrations of diaspores of those species in the sediments, suggests that most remains come from trees that grow along the shore and even shade the lake. Fruits of A. glutinosa fly poorly and only disperse around the lake after falling in the water. They float well and their ability to translocate may only be limited by a reed bed or belt of emergent vegetation. Most samples with statistically significant fruit concentrations were located in the southwestern and western part of the reservoir, in the vicinity of patches of Alnus glutinosa, growing along the lakeshore. These samples were located on the inner side of patches of Hippuris vulgaris, which blocked diaspore dispersal. This indicates an effective barrier to fruit influx from trees growing on the northern and northeastern lakeshore by a wide (up to 85 m) belt of reeds in the northeast. Fruits of Betula pendula are transported much farther by the wind and similar to A. glutinosa, it is difficult to infer their origin. They may fall within the entire lake basin, including into patches of emergent vegetation, as indicated by the large number of samples containing carpological remains of this species (65 % of the total number) across the reservoir. Sampling distribution of statistically J Paleolimnol (2012) 48:503-516 511 significant concentrations of macroremains also suggests that fruits of B. pendula drift easily on the water and become concentrated in the lakeshore zone, similar to findings in Estonian Lakes Juusa and Viitna (Koff and Vandel 2008) . Presence of Sambucus nigra and Rubus sp. in macroremain assemblages, i.e. taxa growing in the immediate vicinity of the reservoir, may be explained by feeding birds that are capable of transporting fruits above the reed bed.
Relations between contemporary vegetation and its representation in the assemblages of carpological remains
Research on relations between assemblages of macroremains and contemporary vegetation (Birks 1973; Davis 1985; Dunwiddie 1987; Wainman and Mathewes 1990; Dieffenbacher-Krall and Halteman 2000; Davidson et al. 2005; Zhao et al. 2006; Koff and Vandel 2008) , or seed banks (Kautsky 1990; Combroux et al. 2001 ) revealed that assemblages of carpological macroremains generally reflect well species composition of parent phytocenoses. Representation of contemporary vegetation in taphocenoses, however, varies among individual lakes. In the study reservoir, reed vegetation was best represented (68.8 %) in the assemblages of macroremains, though diaspores of the dominant Phragmites australis were absent. Diaspores of some species may be under-represented if they were deposited deep in the reed bed where no samples were collected. High representation of reed bed taxa, with the exception of P. australis, is a consequence of high production and preservation of diaspores from taxa like Carex and Mentha aquatica (Table 1) . Poorly represented species include those that do not produce seeds in the Polish climate, e.g. Acorus calamus (Kłosowski and Kłosowski 2006) , or whose diaspores are too delicate to be preserved (e.g. Phalaroides arundinacea). A similar relation between the representation of reed vegetation in the assemblages of carpological remains and species composition of contemporary reed vegetation was found in sediments of Lakes Juusa and Viitna (Koff and Vandel 2008) . They also found poor representation of reed vegetation (33 %) in the deposits. In the case of the studied reservoir, one reason for the lack of diaspores of abundant Phragmites australis may be their delicate structure. This leads to their rapid decomposition, favoured by high oxygen in the shallow water. Koff and Vandel (2008) also indicated poor representation of diaspores of P. australis in the sediments of one lake, though this species is presently common in the reed beds of both lakes. The study reservoir and the two Estonian lakes indicate that lack of carpological remains of P. australis cannot be used to indicate absence of this species. The role of this taxon in contemporary phytocenoses requires analyses of palynological and vegetative remains. The quantity of carpological remains of Carex and Mentha aquatica reflects well their important roles, after Phragmites australis, as reed bed elements. In terms of quantity, they are the best-represented reed bed plants in the macroremain assemblages (Table 1 ). Other relatively well-represented species include Schoenoplectus tabernaemontani, Glyceria maxima, Ranunculus lingua, Menyanthes trifoliata and Lycopus europaeus, which are not common today. In contrast, the large amount of seeds of Juncus inflexus does not correspond with the small contemporary population of this species, limited to single patches. This may be a consequence of the high production of seeds by Juncus (Birks 2007) . A similar conclusion probably applies to the relatively high representation of diaspores of Eupatorium cannabinum. Their reed bed population is limited to a few dispersed specimens. To some extent, this also applies to Epilobium hirsutum and Rumex hydrolapathum. A reverse situation is recorded for Typha latifolia, which forms clustered patches deep inside the reed bed, but is represented by only two fruit fragments. As this species produces numerous flying diaspores, they may be blown above the surrounding vegetation. Such poor representation might also result from delicate fruits quickly decomposing. As observed in some reservoirs, however, ripe T. latifolia fruits glue together and get washed in by rain.
Most diaspores may have remained in the immediate vicinity of plants, where no samples were collected. Such a thesis is supported by the research in Estonian lakes (Koff and Vandel 2008 ) and Birks's observations (1973) . They suggest the fruits of T. latifolia are only recorded in marginal samples. Deposition in the vicinity of parent plants may also explain poor representation of Eleocharis palustris, in relation to contemporary cover. The same refers to the lack of diaspores of single specimens of Epilobium palustre deep inside the reed bed. In other lakes, its fruits were concentrated near the shore, in water up to 125 cm deep (Greatrex 1983) , and Caltha palustris, Galium uliginosum, Oenanthe aquatica, Sagittaria sagittifolia, Scrophularia umbrosa and Scirpus sylvaticus were rare and dispersed in reed beds. Insignificant representation of diaspores of Alisma plantago -aquatica, Lythrum salicaria, Myosoton aquaticum, Potentilla erecta, Scutellaria galericulata, and Sparganium erectum is probably related to their contemporary poor representation. Considering the area presently taken up by patches of individual species of sedges in relation to other taxa, there are few C. acutiformis nuts (Table 1) , although it takes up a larger area than C. rostrata or C. vulpina (Fig. 2b) . This probably results from the fact that C. acutiformis is protected by a C. rostrata belt and thus has limited contact with open water (Fig. 2b ). This causes their diaspores to be trapped within patches of parent vegetation. Thus, species composition of sedges in the macroremain assemblages beyond the reed bed reflects the proportions of individual species of the inner reed belt that are in contact with open water. The large number of diaspores of reed vegetation (27/ sample on average) and species diversity in samples, is probably determined by contemporary species composition. An important factor is also the large amount of diaspores delivered beyond the reed bed, favoured by a long span where the reed bed is in contact with open water (Fig. 1b) , and existence of C. vulpina patches that are habitat for species predominantly growing deep inside the reed bed zone.
Submerged and floating-leaf taxa were significantly more poorly reflected in assemblages of macroremains than reed vegetation (Table 1) . This probably reflects the fact that they generally produce fewer diaspores and also display small amounts of their species in contemporary phytocenoses. Representation of submerged and floating-leaf taxa is similar to that reported by Koff and Vandel (2008) for Lakes Juusa and Viitna (50 %), but higher than in Groby Pool, where it was 40 % (Davidson et al. 2005) , or in Green Plantation Pond where it was 16 % (Zhao et al. 2006) . The reason for such discrepancies is the quantity of individual species and different species composition of phytocenoses. The samples do not contain Ceratophyllum demersum, Batrachium circinatum, Potamogeton crispus and P. pectinatus, and representation of diaspores of Myriophyllum spicatum and Persicaria amphibia is small, which may be linked to their tiny proportion in the contemporary phytocenoses. Dominance of oospores of currently rare Chara sp. (Table 1) among the recorded macroremains is interpreted differently. Their over-representation, also noted by others (Kautsky 1990; Steinhardt and Selig 2007) , is a consequence of their large production of oospores (Bonis and Grillas 2002) . They create a rich bank in the deposits (van den Berg 1999). The share of endocarps of Hippuris vulgaris among diaspores of vascular plants correctly indicates domination of this species. With regard to the relatively small number of recorded diaspores, if compared to contemporary coverage, this is possibly the consequence of an exceptionally low number of fruiting specimens of Sparganium minimum. During the 2008 season, only 24 were observed. Low fruit production by phytocenoses of H. vulgaris in the studied reservoir is probably a consequence of the high proportion of vegetatively reproducing submerged forms of the taxon, which makes up about 65 % of the population.
Ability of this vegetative form to develop large phytocenoses (Barrat-Segretain and Bornette 2000) may be one of the reasons that Hippuris vulgaris is often represented by single endocarps in macroremain analyses (Birks 2000; Boyd 2007; Ayres et al. 2008) . On rare occasions, 100 cm 3 of sediment include them (Wohlfarth et al. 2006; van der Ham et al. 2008) , and sporadically there are [10 (Bittmann 2007). Assuming that some species that coexist with H. vulgaris produce more diaspores that are preserved in deposits, the proportion of H. vulgaris in past phytocenoses may be underestimated. Such an assessment is not resolved by palynological analysis because this pollen is often poorly represented or missing (Wohlfarth et al. 2006) . Lake sediments often include numerous light diaspores of anemochorous trees. The best represented are Alnus glutinosa and Betula spp. (Tobolski 2000; Birks 2007 ). Heavier diaspores of other species growing nearby are rare. Similarly, in this reservoir, diverse tree and bush species composition in the vicinity is poorly reflected by assemblages of macroremains. Most tree and bush diaspores include Alnus glutinosa and Betula pendula (Table 1) . Although A. glutinosa is represented by large numbers of trees that grow near the shore, sediments are dominated by lighter fruits of B. pendula, represented in the vegetation by only a few individuals. This apparent anomaly is probably caused by concentration of poorly flying A. glutinosa diaspores in a wide reed belt at the lake margin (Fig. 1b) . Sediments lack light J Paleolimnol (2012) 48:503-516 513 seeds from multiple species of Salix that live in the lake vicinity. This is difficult to explain because their numerous seeds were evenly distributed in other lakes (Koff and Vandel 2008) . The probable reason for their absence in the reservoir deposits is rapid decomposition under high oxygen conditions. It is also possible that seeds of Salix, which are adapted for flying, fell onto the water surface and were blown deep inside the reed belt. Poor representation of remaining trees and bushes, especially heavy seed producers and terrestrial plants, may be attributed to the trapping of diaspores by reed vegetation. This is supported by research on Lakes Juusa and Viitna, where most diaspores of ruderal species were recorded in lakeshore samples (Koff and Vandel 2008) .
Conclusions
The study showed that dispersion of diaspores in a very shallow reservoir was predominantly influenced by distribution of vegetation patches. Reed beds and emergent shoots of aquatic plants trap drifting seeds and fruits, limiting their transport and causing them to be concentrated along the edges or within patches of vegetation, even in the central part of the lake.
Inadequate sampling of such a reservoir may decrease the probability of recording species whose ranges within the lake are limited. As a consequence of limited diaspore migration, however, assemblages of macroremains in such shallow lakes may reflect well the location of parent vegetation. In the case of the studied reservoir, the location of parent vegetation was best reflected by fast sinking diaspores of Myriophyllum spicatum, Lythrum salicaria, Myosotis scorpioides, Potentilla erecta and Scutellaria galericulata. In the case of the diaspores of Schoenoplectus tabernaemontani, Eleocharis palustris, Mentha aquatica and Hippuris vulgaris, a good indicator of the location of patches of parent vegetation was a statistically significant concentration of diaspores. Contemporary locations of algae (Chara sp.), similar to results found in other studies (van den Berg 1999; Zhao et al. 2006 ), were only indicated by significantly higher concentrations of oospores, which in this study amounted to [200/100 cm 3 . The distribution of fruits of Alnus glutinosa suggests they come from trees growing within 85 m of the water body. Diaspores of some plants were found in bottom areas devoid of vegetation and were concentrated in lake-bottom depressions. This phenomenon applied mostly to small, light diaspores of Juncus inflexus, Glyceria maxima, Eupatorium cannabinum, Mentha aquatica and Betula pendula. Transport may have been by water movements caused by ducks, swans or even fish. Species composition of phytocenoses in the reservoir and its vicinity was best reflected by macroremain assemblages from the nearby reed bed. Generally, 61.4 % of the extant species in and around the reservoir were represented in assemblages of macroremains. Among life-form groups, reed bed plants were best represented (total of 68.8 %), followed by submerged and floating-leaf taxa (total of 60 %), followed by trees and bushes (total of 26.7 %). Among the rushes, the share of fruits of Mentha aquatica and Carex in macroremains assemblages best reflected their role as principal elements, after the common reed (Phragmites australis), in contemporary phytocenoses. Domination of a specific species of Carex, however, could not be established by analysis of samples coming exclusively from beyond the reed bed zone. The number of carpological remains of individual species reflected accurately only the share of Carex species building the inner reed belt, neighbouring the open water. The numbers of diaspores of Schoenoplectus tabernaemontani, Ranunculus lingua, Menyanthes trifoliata and Lycopus europaeus corresponded relatively well with their representation in contemporary reed beds. However, Juncus inflexus and Eupatorium cannabinum, as well as Epilobium hirsutum and Rumex hydrolapathum to a lesser degree, were overrepresented. Carpological macroremains of reeds, the dominant form in rush vegetation, were missing. Moreover, relatively abundant representation of Typha latifolia and Eleocharis palustris in modern vegetation was not reflected in the number of recorded macroremains. In the group of submerged and floating-leaf taxa, contemporary domination of Hippuris vulgaris was well reflected by the number of diaspores. Sparganium minimum was poorly represented by macroremains, whereas Chara sp. remains were overrepresented.
Results of this study support the idea that carpological remains of plants can be important sources of information in paleolimnological investigations. They reflect local vegetation well and, in some cases can be used to determine the dominant taxa of the past. The data suggest, however, that even analysis of a large number of samples may not enable one to identify all members of the parent phytocenoses or determine relative abundances of the vegetation contributing macroremains. This is because individual species are influenced by many factors that ultimately control diaspore production, transportation and preservation. Thus, to obtain a complete picture of past phytocenoses, analysis of carpological remains should be complemented by analysis of pollen and preserved vegetative remains.
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